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DEVELOPMENT OF AN ANALYSIS FOR 
THE DETERMINATION OF COUPLED HELICOPTER 
ROTOR/CONTROL SYSTEM DYNAMIC RESPONSE 

PART I1 - PROGRAM LISTING * 

By Lawrence R. Sutton 

Rochester Applied Science Associates, Inc. 

SUMMARY 

The computer program listing is presented for the program 
of investigating the effects of an anisotropically mounted flexi- 
ble swashplate on a deformed free-wake on the dynamic steady-state 
forced response characteristics of helicopter rotor systems. For 
the free-wake effects to be included, this program is used in 
conjunction with the free-wake geometry program listed in NASA 
CR-2111. The listing in this volume corresponds to the calcula- 
tions discussed in PART I. 

INTRODUCTION 

The determination of the effects of nonuniform control 
system (swashplate system or gyroscopic control system) along 
with the effects of nonuniform inflow due to free-wake on blade 
air loads and response for helicopters in steady maneuvers is 
essential in order to obtain more complete model of both aero- 
dynamics and elastomechanics of the helicopter rotor system. The 
program listed here includes the effects of an anisotropically 
mounted flexible swashplate (or nonuniform gyroscopic control 
system) and a deformed free-wake on the dynamic steady-state 
forced response characteristics of helicopter rotor systems. 

Three steps are necessary in obtaining bladetresponse 
results including the effects of nonuniform inflow due to a 
free-wake and the effects of the nonuniformly supported control 
system. 

1. Preliminary calculations (or measured data) are used to 
define rotor system performance parameters and flight conditions 
Definitions of model parameters and program contol variables are 
necessary for program operation. 

*PART I - ANALYSIS AND APPLICATION is contained in NASA CR-2452. 



2. The results of the free-wake analysis are necessary to 
account for the effect of a nonuniform downwash distribution 
acting on the rotor system. For this the program listed in 
NASA CR-2111 is used to obtain wake-induced velocity influence 
coefficients (stored on BDSIG file) and bound circulations (stored 
on BDGAM file) for transfer to and use by this blade-swashplate 
dynamic response program. 

3 .  The blade response program listed in this report is then 
used to determine specified harmonics of blade flapwise, chord- 
wise, and pitching moments; blade deflections and twist, and 
their slopes; and blade spear and axial forces. This program 
also provides the corresponding harmonics of the swashplate 
response. Since the blade system responds to a downwash field, 
an iterative procedure is necessary to obtain the final dynamic 
response. 

Program input and output can be in English units or SI 
units. 
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S U B R O U T I N R  BHEOM 
R E B L  T C ( 3 4 )  
IiEAL TMO(24) 
CCMFLEX A M F  (?23Q) 
CCWPLRX R Y B  ( t 7 9 Q )  
CCBFLFX CY19k 
CCMPLEX CYI,CY2,CY5,CY6 
INTEGER CY1888 
INTEGER @YYQ,CYY’! ,CY42 

REAL LTH (10) 
INTEGER CY~3,CY45,CY3,CY~8,CY4y 

F COMMCfJ A B L B S  
c 

ZO M Y O  B/C YI / C Y 3  , C YLi 8, CY 4 2 , C Y  4 4, TI! 42, CY 4 3 , ’3Y ti 4, CY 4 5 ,CY ’! FIB 
CC#33N/CYC/CY? ,CY2 ,Z=Y5,  JYtj 
CCK nohi/c Y3/CY4 * CY 7 ,It Y 8 ,  CYS!, i s Y  I:!, TY 5 -3 ,CUJ 2 , Z Y  B 3,TY I4 ,Z  Yl’d 5, c P4 Et , 
I CY 1 7, c Y 19, c Y 2r3 , : Y;‘ “J , c Y 2 2,: Y23 , c: Y 2a # c Y i  5, CY 2 6 , c Y2 7 ,  t Y 28 , CY 29, 
2 CY 3 ’3 I C‘Y3 3 , CY 3 2, CY 3 3, ZY 3 4 ,  CY 3 5, CY 3 6 JY 3 7, CY 3 ? , T Y 3 9 ,  FY 4 6 , C Y 47 Z U 4  8 
3 CY 4 3  ,CY5CI f CY52 ,CY52 ,CY 53 

3 
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GVEl3LB.Y ( N S 6 , 9 ,  
PBQGRAlY DUEMY 
COMPLEX FKN (423) 
CQMPLEX FASB(25) , C T S 3 ( 2 5 )  , F L S B f 2 5 )  ,FLS2 (25) ,PASD(25) ,CTSD(25)  , 

1T"ASC (25)  
TOHPLEX B ( ' I f 3 c G )  , S E L B  [3<32) ,SYLC(3a"f?') ,SMLD (3C3) 
COMPLXX F A R  ('ISG) , F L B  (453)  ,CT3 (1 58)  
COMPLEX B (6n) , CTH (5 )  , FLH (5) , F A H  (5) 
COKMON/PKN"l/FKW 
C O M  &oN/BTSf /pi, SMLB, S ELC, SML3 
COMM3H/BTS2/FABI FLB, CTB 
COMMON/BTS3/FBSB,CTS B, FLSB, FLSC, F A S D ,  CTSIZ, FBSC 
COMMQN/RXTS/H, CTB, FLH,FAFI 
C O M @ O N / U 2 7 / I  ,.'I 
RETUFN 

\ 
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25 



26 



27 



28 



29 



30 



735 I= (IS-2) *NSIZEY+' IS  
NSP%=NS+? 
IF ( I S e E Q e l )  G O  TO 741 
IF(X5,EQ.RSPf) GO TO 747 

739 Y(6Q) = S D { I )  
I = I+? 
Uj61) = S D ( 1 )  
I = I+3 
Y(62) = S D ( 1 )  
I = 1+4 
Y(63) = S D I Z )  
I = f+5 
Y(64) = S D i I )  
K = I + 6  
I=I+9 
M = 6 5  
DD 7 4 Q  L = I,K 
Y tu)  = S D I L )  

f = I + 7  
Y(7.9) = S D ( 1 )  
I=I+'3 
Y (72) = S D ( 2 )  
f=I+? 
Y 173) = S P ( ( I )  
I=l+l 
Y (7&) = SDCI) 
GO T3 7 Q 2  

7 4 1  Y(64) = 3 ,  
Y(6S) = 3, 
Y {7L) = 4 ,  
Y(74.) = 3, 

740 M = M+? 

742 BE'% VF $1 

3 WD 
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S U B B O U T I N E  Y S K  
c 
c -Y- VFCTOR FOE STSFFNXSS (SK) MATFIX 
c 

c 

C TO I N V l 3 R T  

COB PlO N/S UB/ Y (2 25 f 

READ f5,70.8) (Y (L) ,L=993,995) 

IF (Y (256) -3e)  79,78,79 
7 8  Y (‘la@) = -Y (190) 

Y(193, = -Y (191) 
Y(492) = -Y(392) 
Y { ? S S )  = - U ( d 9 6 )  

79 RRTU3P.i 

m?!3 
703 FORMZLT (8?3P:’3,5) 
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1 

18 
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c 
C 
c 

3 

c 
C 
I: 
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47 





49 



50 



51 



52 



53 



54 



55 
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50 FKN (RT+P) =-H (L) *EXPOF 
FKN (KT+7)  =-FAH (I) *BXPOF 
FKN [ K T + 8 ) = S B L B  (MS)*ZKPl(H,MS) + C T H ( I )  *ZXPOP 
IF { f l P L A P )  60,66 ,55  

55 PKN (KT+9 1 =-FLH (I) * EXPQF 
60 CONTINUE 

E E T U R N  
END 
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96 
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CBHPLEX FUNCTIOIU' EXPON (LIEIS) 
C CREATE EXP (I*L*PHIM) 

CoaMoN/RNAHE/CS(u,20) ,SN (4,ZQ) 
I_L=IABS {L) 
IFIL) t6,15,%7 

15 EXPON=(1.  ,$. 1 
GO TO 68 

1 6  A=CS {HS,IL) 
B=SN { MS, IL) 
EXPO2J=CP!PLX ( 8 , - 3 )  
GO TO 18 

37 A=CS (HJs,L) 
B=SN[BS,L) 
EXPON=CBPLX (A, B) 

1 8  CONTTNUE 
RETUFXd 
E N P  
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COMPLEX FUNCTION Y K M  {I,MS) 
I NTEGEB CY 4 8 A 
INTEGBR G Y 4 6 , G Y 4 b l Z Y 4 2  
IMTEGBR CY 43, C Y45 ,CY 3, CY 8, CY 44 
COMPLEX CY% ,CY2,CY5,GY6 
COMPlON/CYI/CY3,CYY 8, C Y 4 3 , 2 Y 4 %  , t"Y42,CY43,CYY4 , C Y 4 5  ,CYdeSlk 
c c a M o E / c Y c / c Y l  ,CY2,CY5,CYS 
C D ~ ~ , ~ M / C P R / ~ Y 4 , C Y 7 , C Y 8 ~ ~ Y ~ ,  2Yq9 , C Y 3  4f ,CY12 , C Y 4 3 , C Y 4 4 , C Y ?  5 , C Y l 6  , 

3 C~"ii,cY49 , c ~ 2 5 ,  c y 2 9  ,cy22,323, cY24, C Y % ~ , C Y Z ~ , C Y ~ ~ , C Y ~ ~ , C Y ~ ~ ,  

3 CY49,CY50,CY51,CY52,CY53 
2 CY 36 ,CY3"% C Y 32, CY 33 ,C Y 3  4 ,CY 35, C Y 3 6  ,*CY37 ,CY38, C Y 3  9, CY46 ,CY47, CY 48 I 

COMM3N / N 0 3 / N S I N S I Z E Y  ,NFEA ,NES, EI&,XN,NFPl 
CQMMON/ARTAU/BKGI(4) ,TAU'{4) ,S3LA (4)  , A K ( l b )  ,AC (4) ,CBPK,CBPC 
KSHL= I- Nr"P 1 
C Y5 =CY'! - CY 2 *KS BZ*CY4 
YKPI=SNLA (PIS) * ["J tCYS+TAU (HS) ) 
RET17R N 
END 
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Machine Compatibility 

The Swashplate Dynamic Response Program has 
NASA-Langley's CDC 6600 and CDC 6400 systems. The program was 
developed utilizing standard FORTRAN IV and is also WATFIV 
compatible. 
an IBM 360/65. 
overlay cards would have to be removed and replaced with an IBM 
overlay structure and the PROGRAM cards changed to SUBROUTINE 
cards (for example, the PROGRAM SETUP card would have to be re- 
placed with a SUBROUTINE SETUP card). In addition, the core 
requirements may be restrictive, especially if it is necessary 
to convert the program to double precision for accuracy of results 
to be equivalent to that obtained on a CDC system. 

The program has not been run in its present form on 
To execute this program on an IBM system the 

90 NASA-Langley, 1975 CR-2453 




